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Comparative Analysis of Italian Ryegrass Vegetation Indices across Different

Sowing Seasons Using Unmanned Aerial Vehicles
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ABSTRACT

Due to the recent impact of global warming, heavy rainfall and droughts have been occurring regardless of the season, affecting
the growth of Italian ryegrass (IRG), a winter forage crop. Particularly, delayed sowing due to frequent heavy rainfall or autumn
droughts leads to poor growth and reduced winter survival rates. Therefore, techniques to improve yield through additional sowing in
spring have been implemented. In this study, the growth of IRG sown in Spring and Autumn was compared and analyzed using
vegetation indices during the months of April and May. Spectral data was collected using an Unmanned Aerial Vehicle (UAV)
equipped with a hyperspectral sensor, and the following vegetation indices were utilized: Normalized Difference Vegetation Index;
NDVI, Normalized Difference Red Edge Index; NDRE (I), Chlorophyll Index, Red Green Ratio Index; RGRI, Enhanced Vegetation
Index; EVI and Carotenoid Reflectance Index 1; CRII. Indices related to chlorophyll concentration exhibited similar trends. RGRI of
IRG sown in autumn increased during the experimental period, while IRG sown in spring showed a decreasing trend. The results of
RGRI in IRG indicated differences in optical characteristics by sowing seasons compared to the other vegetation indices. Our
findings showed that the timing of sowing influences the optical growth characteristics of crops by the results of various vegetation
indices presented in this study. Further research, including the development of optimal vegetation indices related to IRG growth, is
necessary in the future.
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Fig. 1. Location map of the IRG test field and the sampling sites. (a) Spring sowing area, (b) Autumn sowing area.
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Table 1. Vegetation indices used in this study

Vegetation Indices

Equation

References

Normalized Difference Vegetation Index

NDVI=(NIR-R)/(NIR+R)

Rouse et al., 1973

Normalized Difference Red Edge Index

NDRE=(NIR-RE)/(NIR+RE)

Gitelson and Merzlyak, 1994

Chlorophyll Vegetation Index

CVI=(NIR/G)*(R/G)

Vincini et al., 2008

Enhanced Vegetation Index

EVI=2.5%(NIR-R)/(NIR+6R-7.5B+1)

Huete et al., 2002

Carotenoid Reflectance Index 1

CRI1=(1/p510)-(1/p550)

Gitelson et al., 2002

Red Green Ratio Index

699 599

RGRI= Y] o,/ Y 0

i=600 =500

Gamon and Surfus, 1999
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Fig. 3. Comparison of growth pattern of IRG by sowing season. (a) Plant height, (b) Dry matter yield.
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Fig. 4. Comparison of vegetation index patterns of IRG by sowing season.

- 106 -



Vegetation Indices of IRG by Sowing Seasons

y = 193.87x - 32060
R? = 0.9891

Dry matter yield (kg/ha)
Dry matter yield (kg/ha)

203 208 213 218 223 228 233 238 055 06
Days of cultivation

065 0.7 075
RGRI

(c)

y = 39972x - 15444
R2 = 0.9013

Fig. 5. Regression analysis for dry matter yield of IRG sown in Autumn. (a) dry matter yield and days of cultivation,
(b) dry matter yield and RGRI, (c) time series correlation between dry matter yield and RGRI.
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